Abstract
Introduction
Evaluating the performance of healthcare systems has become a top agenda item for policy makers and practitioners (Eunice, 2013) . Provision of reasonable basic healthcare services makes a considerable contribution to the overall development of a country (Gibril J. et al., 2015) . However, in a globalized world, getting adequate resources for countries to sustain finance for their healthcare systems becomes a very challenging factor (Eunice, 2013) . Moreover, growing populations in the context of limited healthcare resources makes it a challenge for healthcare systems across the globe to provide basic healthcare (Gibril J. et al., 2015) . This challenge is more serious in less developed countries, like Ethiopia, where it is difficult to extend basic healthcare facilities to meet the needs of their populations.
Ethiopia is characterized by primary healthcare facilities that are inaccessible due to inadequate public expenditure, poor provision of a healthcare system, underdeveloped infrastructure and a lack of health personnel in the rural settings (Bilal et al., 2011; USAID, 2008) . As a result, the healthcare system is unable to serve the country's largely rural population (FMoH, 2010) . In response to these problems, and recognizing the widening gap between the need for healthcare and poor healthcare service provision, it was in 2004 that the Ethiopian government introduced a new health program known as Health Extension Program (HEP) at a national level as a structural reform of the national healthcare system. The goal was to improve health outcomes through providing accessible and equitable basic healthcare services to the large population of the country (CNHDE, 2011; Dynes et al., 2012; HEPCAPS1, 2012) . The program makes use of Community Health Workers (CHWs), known as Health Extension Workers (HEWs), to provide basic healthcare services and health promotion at village health posts (HPs) on a door-to-door, community outreach and health post basis with especial focus on child and maternal health (FMoH, 2015 , FMoH 2013 1 . HEWs are selected from their own communities. After they are given extensive training for a solid 12 months in both theoretical and practical aspects of basic healthcare services, they are then deployed in pairs per every village and attached to each village's health post as government-salaried health extension workers (FMoH, 2015) . Since 2004 more than 38,000 HEWs have been trained and deployed to over 16,000 health posts across regions of Ethiopia (FMoH, 2015) .
Ethiopia's HEP is one of the biggest CHW programs in the world (Perry et al., 2013) and variations in healthcare services coverage across regions is a feature (FMoH, 2015) . The technical efficiency of a decision-making unit's performance is an important indicator (Hailu & Tanaka, 2015) , but there is very limited locally available literature that explores the efficiency of the program at a national level.
Therefore, measurement of the efficiency of the Ethiopian health extension program is very important to gain insights into the achievement of the program as well as to implement policy measures to improve the potential outputs level within the context of limited health inputs. In other words, how well the program is doing in achieving its overall goal in terms of the actual quantitative measures of healthcare services outputs relative to the potential attainable measures of healthcare services outputs, given the limited health inputs, is not yet thoroughly evaluated. The disparities in the health outcomes of different healthcare systems resulted from variations in their efficiency performance (Kathuria & Sankar, 2005; Murray & Frenk, 1999) . Most importantly, among available published empirical studies, due attention has been given to the estimation of the efficiency of hospitals (Peacock et al., 2001; Worthington, 2004) , but it is hard to find published community-based health worker program efficiency studies.
Prior empirical studies on the efficiency performance of the Ethiopian health extension program are limited in their scope (San Sebastian and Lemma, 2010) . This study was conducted in Ethiopia's Tigrai region in 2007 and was subject to serious limitations; namely, it was carried out at a micro-regional level; and efficiency was measured at an infant stage of the program and might not indicate the real impact of the program. A community-based health worker program should have ample implementation time before an effective evaluation can be made (WHO, 1989) and, most importantly, the number of HEP beneficiary graduates were missed as an important output variable. Prior to the findings of this current study, evidence on the relative efficiency of health posts in major regions of Ethiopia at a national level were limited. To address this important gap, the aims of this study are twofold; namely, (i) to evaluate the relative technical efficiency and productivity of the Ethiopian rural health extension program, and (ii) to identify factors that explain technical inefficiency variations across health posts. This study could contribute to the limited Data Envelopment Analysis (DEA) literature in providing empirical evidence to policy makers with a wealth of information for driving improvements, to strategically direct resources to the areas that were previously underserved, and provide a platform for regions to share lessons and best practices to better serve the diverse health needs of the large rural population, and, finally, save millions of lives.
The remainder of the paper is structured as follows. A summary of the literature review is presented in section two. In section three, data and methodology are described, followed by the study's empirical findings and analysis in section four. Section five concludes the findings of the paper.
Review of related literature
Previous empirical studies on the measurement of healthcare system efficiency evaluation are well documented in developed countries. For example, a study by Aristovnik (2015) examined the healthcare system efficiency of old (EU-15) and new (Eu-13) member states in the European Union (EU) for a total of 151 countries using an output-oriented DEA technique. The results indicated that 27 percent and 53 percent of the EU-15 member states were efficient based on constant returns to scale (CRS) and variable returns to scale (VRS) VRS DEA models, respectively, while 38 percent and 60 percent of the EU-13 member states were found to be technically efficient based on CRS and VRS DEA models, respectively. The study further shows that there were significant differences in technical efficiency scores across regions. Similarly, there were significant variations within the efficient regions of their respective countries in the provision of healthcare services. Aristovnik's findings indicated that the most efficient regions were found in Sweden, Portugal, the Netherlands, Greece, and Spain, old EU members states, and most of them were characterized as being developed rural areas that were relatively less populated, while most of the inefficient regions were predominantly capital regions (large cities). There were some regions that were extremely technically inefficient as they were utilizing above-average healthcare inputs to produce below-average health outcomes. Hence, Aristovnik suggested that there was potential room to improve most of the inefficient EU regions by optimum use of their health inputs (Aristovnik, 2015) .
Measurement of efficiency and productivity of production units (such as community-based health workers programs, as in the Ethiopian health extension program) has not received due attention in most previous health-related efficiency measurement studies. Moreover, despite the availability of much literature on health-related efficiency measurement studies that have used the DEA technique, most of them have focused on evaluation of technical efficiency of hospitals (Cheng et al., 2015; Kakeman et al., 2016; Kirigia & Asbu, 2013; Mogha et al., 2014a Mogha et al., , 2014b Mogha et al., 2016) . Accordingly, the previous health-related efficiency studies reviewed below indicate that Data Envelopment Analysis (DEA) has been abundantly applied to evaluate various primary production units (decision-making units).
In Africa, the application of DEA in the health sector has been quite limited, but the DEA technique has been applied in a few countries to evaluate the efficiency of health facilities. For instance, Kirigia et al. (2004) examined the technical efficiency of 32 public health centers in Kenya using the DEA efficiency estimation technique. The findings demonstrated that 56 percent of the public health centers were found to be technically inefficient, while the remaining 44 percent were technically efficient, with a different magnitude of technical efficiency scores. More importantly, the average technical efficiency score of the technically inefficient health centers was 65 percent. This suggests that, on average, they could reduce 35 percent of their current level of inputs consumption to produce the present level of output. The technically inefficient health centers had an average scale efficiency score (SE) of 70 percent, suggesting they could produce 30 percent more output with the current level of inputs, with average technical efficiency estimates of 65 percent (Kirigia et al., 2004) . Kirigia et al. (2011) applied the DEA technique to analyze relative efficiency of 36 "maternal and child health posts" (MCHPs), 22 "community health centers" (CHCs) and 21 "community health posts" (CHPs) in Sierra Leone, using cross-sectional data of 2008. The findings revealed that there were significant variations in technical and scale efficiencies across and within the health units. The study indicated that 77.8, 59.1, and 66.7 percent of MCHP, CHC and CHPs were technically inefficient under a VRS assumption, respectively (Kirigia et al., 2011 ).
An assessment of the technical efficiency of 20 "Center de Sante'et d Promotion Social" (CSPS) in the Nouna health district in Kossi province in Burkina Faso was conducted by Marschall and Flessa (2009a) using the DEA technique. The findings revealed that there were considerable variations in technical efficiency scores across the CSPS. About 70 percent of the CSPS were found to be technically and scale efficient, while the remaining 30 percent were technically inefficient. The study also examined the determinants, which might affect the relative technical efficiency of the health centers using the Tobit regression model. The regression results indicated that distance to health centers affects the technical efficiency of the health centers. That is, the closer the village to the health centers, the greater the efficiency level of the health center will be. Thus, the findings indicated that the relatively technical efficient health centers were placed near to their catchment basin of the village. Likewise, health unit level evaluations of technical efficiency in the Pujehun districts of Sierra Leone using data development analysis were made by Renner et al. (2005) . Of the total 37 periphery health units, 41 percent of them were technically efficient with an average level of scale efficiency of 72 percent, while 59 percent of them were technically inefficient with an average technical efficiency score of 63 percent. Overall, the average technical efficiency score of the health units was 78 percent, while the average scale efficiency was 82 percent. Due to inappropriate scale size, 65 percent of the health units were scale inefficient, with a mean scale efficiency score of 72 percent.
Another health center level study in Seychelles by Kirigia et al. (2007) evaluated the relative efficiency and productivity of 17 health centers for the period 2001 to 2004 using the DEA model and the DEA-based Malmquist productivity index. They indicated that there were significant variations in technical and scale efficiency estimates across health centers. Overall, the average technical and scale efficiency of health centers were 93 percent and 91 percent during the examined periods, respectively. They found that about 59 percent, 47 percent, 53 percent and 59 percent of the health centers were relatively technically efficient for 2001, 2002, 2003, and 2004, respectively . The mean scale of efficiency levels of the health centers was 90, 93, 92, and 95 percent for 2001, 2002, 2003, and 2004, respectively . The findings also indicated that there were significant variations across health centers' levels of productivity. In Seychelles, the overall productivity increased only by 2.4 percent during the examined periods, and the improvement in the productivity growth was due to the technological progress of the health centers during the course of the study periods (Kirigia et al., 2007) . EJBE 2017, 10(19) In Latin America, a study by Herna´ndez and Sebastia´n (2014) using the DEA technique for 34 sample health posts from 19 districts in Alta-Verapaz in Guatemala for the years 2008 and 2009, evaluated the technical efficiency of health posts. Also, they used the DEA-based Malmquist productivity index to examine productivity change at the health posts over the time periods. Overall, the technical efficiency of the health posts differed over time, and in 2008, the average technical efficiency score was 78 percent, while in 2009 the average technical efficiency score for the health posts was 75 percent. About 44 percent and 65 percent of health posts were also found to be scale inefficient in 2008 and 2009, respectively, and all exhibited decreasing returns to scale. Results of the Malmquist index showed that the overall productivity of the health posts increased by four percent during the study periods mainly due to an increase in healthcare services output. About 53 percent of the health posts improved their productivity efficiency. while the remaining 47 percent of them decreased productivity (Herna´ndez & Sebastia´n, 2014) .
Moreover, most previous health extension program studies in Ethiopia failed to focus on the efficiency and productivity of the program at the macro level. The only local study, by Lemma and Sebastian (2010) , examined the technical efficiency of 60 sample health posts from seven rural districts in the Tigrai region in Ethiopia in 2007 using the DEA technique. About 25 percent of the health posts were technically efficient, and it was pointed out that there were high variations in technical and scale efficiency across the health posts evaluated. The overall average technical and scale efficiency estimates for the health posts were 57 and 95 percent, respectively. However, the study was carried out at a micro-regional level; efficiency of the health posts was evaluated at an infant stage of the program, which might not indicate the real impact of the program; productivity was overlooked; and most importantly, the health extension program beneficiary graduates were missed as an important output variable (Lemma & Sebastian, 2010) 2 . Therefore, the above-reviewed literature indicates that relative efficiency and productivity changes for the Ethiopian health extension program with an emphasis on health posts have not yet been studied at the macro level. Hence, analysis of relative technical efficiency and changes in productivity of the program can provide basic worthwhile information to re-engineer or redesign the national policy, strategy and programs for the health sector, with an emphasis on the health extension program so as to improve access to and utilization of healthcare services, and, finally, ensure universal healthcare services coverage across the country.
Data and Methods

Data
We used cross-sectional secondary data for the years 2013 to 2014, which were obtained from the annual health statistics report of the seven regional health bureaus of Ethiopia for 1,552 health posts (HPs); namely, Tigrai, n=161; Amhara, n=321; Oromia, n=601; Southern Nations, Nationalities and People (SNNP), n=266; Gambella, n=52; Benshangul-Gumuz (BG), n=129; and Harar, n=22, where n represents the subsample size of health posts in their respective regions under study. The health posts are satellite health centers (units of the health system) where the health extension workers perform their healthcare service delivery to their respective communities. Since the inception of the HEP in 2004, there has been a significant increase in the total number of the health posts. A total number of health posts were built reached to 14,781 by 2013/14. Accordingly, Tigrai, Amhara, Oromia, SNNP, Gambella, BG, Harar, Afar, and the Ethiopia-Somali regions had 672; 3,317; 6,317; 3,835; 111; 384; 33; 378 and 1,062 health posts, respectively. Similarly, the cumulative number of health extension workers has increased to more than 38,000 (FMoH, 2013/14a).
Selection of inputs and outputs
Three types of variables are important in evaluating the efficiency of the health posts. These are health input variables, output variables, and the "non-health system" determinants (Evans et al., 2001; Kathuria & Sankar, 2005; WHO, 2000) . The selection of health input and output variables is a crucial step for the successful employment of the DEA technique (De et al., 2012) . Thus, selection of health input and output variables to measure the efficiency of the health posts was guided by a review of previous DEA studies (Herna´ndez & Sebastia´n, 2014; Kathuria & Sankar, 2005; Lemma & Sebastian, 2010; Renner et al., 2005) , as well as availability of comprehensive data and was guided by the objectives of the Ethiopian health extension program (FMoH, 2006/07) . Therefore, this paper evaluates the technical efficiency and productivity changes of health posts using two health input and six output variables. The two health input variables are the number of (i) health extension workers (HEWs), and ii) health development armies (HDAs). The six output variables are the number of (i) the health extension program (HEP) beneficiary graduates, (ii) rural households visited by HEWs, (iii) health education sessions provided by HEWs, (iv) child delivery by HEWs, (v) child delivery by HDAs, and (vi) under-five children who are fully immunized. Furthermore, we have used "non-health system" determinants as explanatory variables to analyze variation in the technical efficiency across health posts.
Description of explanatory variables
The independent variables used in this paper are: (i) percentage of population served per HEW (PPHEW), (ii) the provision of in-service refresher training courses given to HEW (RTHEW), (iii) average distance from health post to rural households' residence (where a HEW provides the healthcare services) in Km (DVHP), (iv) years of working experience as health extension worker (YWHEW), (v) the provision of reward based on HEW's performance (RPHEW), (vi) age of HEWs (AGHEW), (vii) marital status of HEWs (MSHEW), (viii) monthly income of HEW (MIHEW), (ix) supportive supervision provided to HEWs at least twice a month (SSHEW), (x) HEW's region of residence (RRHEW) as regional dummies to control the effect of geographical locational differences on technical efficiency, (xi) religion of HEWs (RLHEW), and (xii) availability of basic medical equipment at health posts (ABME).
Data Envelopment Analysis (DEA) analytic framework
Efficiency can be evaluated using the two most commonly employed efficiency estimation techniques known as ''frontier analysis''. These are Data Envelopment Analysis (DEA) and Stochastic Frontier Analysis (SFA) (Jacobs et al., 2006) . The SFA and DEA frontier approaches have their own distinguishing features. SFA is a parametric frontier approach that has a stochastic nature while formulating functional form about the relationship between health inputs. DEA, on the other hand, is a nonparametric approach that does not make any assumptions on the functional form on how input and output variables are related. In contrast to SFA, DEA can simultaneously handle multi-inputs and multi-outputs with each being expressed in different units of measurement (Charnes et al., 1978; Coelli et al., 1998) . Moreover, it computes relative efficiency of units in the absence of price information for health input and output variables (Ray, 2004) . To exploit these advantages, the present study makes use of the DEA model to evaluate the relative efficiency of the Ethiopian health extension program.
Generally, efficiency and productivity measures using the DEA model are computed using a linear programming function that compares similar units using a set of health inputs to produce a set of outputs. The DEA model identifies how well a health post is operating relative to its peers, not to a "theoretical maximum" benchmark (Worthington, 2004) . The efficiency frontier identifies the boundary to a series of possible observed production levels and the extent to which DecisionMaking Units (i.e. health posts) lie below or above the efficiency frontier (Cooper et al., 2007; Jacobs et al., 2006) . The estimated efficiency frontier consists of efficiently performing health posts and is supposed to dominate (envelop) the other health posts that remain below the efficiency frontier and in relative terms are performing inefficiently (Jacobs et al., 2006) . The DEA has been extensively used in developed countries to evaluate the efficiency of various aspects of national healthcare systems (Ozcan & Bannick, 1994; Hollingsworth & Parkin, 1997) ; however, most healthcare efficiency studies have focused on the efficiency of hospitals relative to the efficiency of primary healthcare programs (Marschall & Flessa, 2009a) . Likewise, though primary healthcare programs, like the Ethiopian health extension program, have received considerable emphasis as a means of healthcare intervention all over the world to implement the health policy of a country (Amado & Santos, 2009) , very limited studies have been carried out on the efficiency of the programs using the DEA model in developing countries (Marschall & Flessa, 2009a) .
Charnes, Cooper, and Rhode (CCR) DEA approach
We applied a two-stage DEA model to measure the relative efficiency of health posts in this study. This model is a pioneering seminal work by Farrell (1957) . The DEA has been popularized by Charnes et al. (1978) and delivers a flexible nonparametric principle for empirical production analysis. In the first stage, the DEA model estimates the efficiency of health posts, while in the second stage, these estimated technical efficiencies are regressed against contextual variables by employing regression models. The DEA techniques under the CRS assumption known as the CCR (Charnes et al., 1978) DEA model computes the efficiency of health posts, based on the ratio of all outputs produced to all health inputs employed by health posts (Charnes et al., 1978) . Thus, the CCR DEA computes technical efficiency assuming the health posts are operating at optimal scale size.
Banker, Charnes, and Cooper (BCC) DEA approach
BCC (Banker, Charnes & Cooper, 1984) have formulated the DEA model based on the VRS specification as an extension of the CCR DEA model by adding a convexity constraint ( into the system of the CCR DEA model. It considers increasing (IRS), constant (CRS), and decreasing (DRS) returns to scale. Besides, the BCC DEA model provides a decomposition of the CCR DEA Farrell efficiency measure into technical and scale efficiency. In contrast to the CCR DEA model, the BCC DEA model computes the pure technical efficiency of a health post at a given scale size (Cooper et al., 2006) . Consider a health post employs 'h' multi-health inputs, I = ( ,…, ) to produce 'y' multi-outputs, O = ( ,… ). The HP is expressed in terms of vectors of health inputs and outputs in a way that (j = 1, . . . , n), where: is the observed i-type quantity of the health input being consumed by HP ( and is the observed k-type quantity of output produced by HP ( . Thus, the Farrell output-oriented CCR (Charnes et al., 1978; Kengil et al., 2010) . The weights are unique to each health post in order that the computed efficiency level to be bounded between zero and unity ( ) depends on the distance between the efficiency frontier and health posts (Charnes et al., 1978; Farrell, 1957; Jacobs et al., 2006; Kumar & Gulati, 2008) . Thus, the computation was executed on the same data under both the CCR and BCC DEA models to compute the scale efficiency of health posts. Banker et al. (1984) have introduced the notion of the most productive scale size that is reliable with the relative technically efficient production on the efficiency frontier under CRS. The scale efficiency of the health post ( ) in a set of health posts j =1,…,n can be obtained by computing an output-oriented technical efficiency or and as follows:
Measuring scale efficiency
A value of equal to unity indicates that the health post is scale efficient, while a value of less than unity indicates that the health post is scale inefficient. Whereas, a value of in the solution equation [02] shows that the health post is operating at either increasing or decreasing returns to scale (Ruggiero, 2010).
Malmquist Productivity Index
We have applied the DEA-based Malmquist productivity index (MPI) (Malmquist, 1953; Caves et al., 1982) to compute the total factor productivity changes of the Ethiopian health posts over the two-time periods examined (2013 and 2014). The total factor productivity is computed by the difference in the growth rate of outputs and the growth rate of inputs in the present period compared to the previous period under analysis. Thus, the present study adopted an outputoriented Malmquist productivity index based on the Fare et al. (1989) specification. It allows us to decompose productivity changes into technical efficiency and technical changes without requiring price information for output and input variables employed (Grifell-Tatje & Lovell, 1996) . Therefore, an output-oriented Malmquist productivity index ( that a health post transforms its inputs consumed ( ) into its outputs produced ( ) using production technologies of the two periods (s and t) is computed as follows: (4) Efficiency change =
Technical change = 0.5
A value of greater than, equal to, or less than unity indicates a health post in period 't' is more efficient relative to itself in period 's' (progress), efficiency of the health post remains constant over periods (stagnation) or it reduces its relative efficiency (deterioration) over periods ('s' and 't'), respectively (Coelli et al., 1998) .
Identifying sources of technical inefficiency
Identifying the technically efficient and inefficient health posts should not be an end of evaluating technical efficiency and should be accompanied by identifying the causes of variations in technical inefficiencies across the health posts evaluated. Hence, to identify the inter-health post technical inefficiency variations, various approaches have been employed in the DEA literature. The most widely employed analytical tool in efficiency measurement studies is to employ two-step measure regressions (Worthington, 2004) . The equivalent conversion of technical efficiency estimates obtained in the first-stage of the DEA analysis (as the dependent variable) was regressed against a set of independent variables (contextual) to estimate their impacts on technical inefficiency. stage analysis. Other non-health related efficiency studies have also applied the Tobit regression to identify factors explaining the efficiency variations across DMUs (Bhatia & Mahendru, 2015; Debasish, 2006; Jayaraman & Srinivasan, 2014; Kumar & Gulati, 2008) . Likewise, many other empirical studies have also applied an Ordinary Least Squares (OLS) regression model separately in their second-step regression analysis (McDonald, 2009; Dutta et al., 2014) . As part of the secondstage analysis, the present study, therefore, makes use of the Tobit regression model.
Using the Tobit regression in the second stage
Technical inefficiency estimates obtained from first-stage DEA technique are used as a dependent variable and then are regressed against independent variables to explain factors responsible for variation in technical inefficiency estimates across health posts using the Tobit regression model 5 . In most DEA literature, the effect of independent variables is usually analyzed using the Tobit regression model since they have considered estimates of technical efficiency to be bounded between zero and unity (McDonald, 2009; Xenos et al., 2016) .
Therefore, the Tobit regression model can be expressed as follows (see Green, 1994):
Where:
represents a possibly censored version of ; represents a constant term;
represents the vector of unknown regression parameters; denotes the vector of independent variables (defined above); is the random error term; and (= ) represents the technical inefficiency estimates of the health post in a set of j = 1, …, n health posts under analysis.
Using equation [07] , the basic Tobit regression model can alternatively be stated as follows: (8) Therefore, the efficiency estimation analysis using the DEA technique was computed by a computer statistical software packages known as DEAP version 2.1 and MaxDEA Pro version 6.4, as these are the most commonly used type of efficiency analysis software packages (Coelli et al., 1998; Coelli, 1996) All other statistical computations were made using STATA, version 13.
Empirical results
Estimates of technical efficiency
Findings indicate that there is a substantial variation in technical and scale efficiency estimates across sample health posts (see Table 1 and Table 5 ). In 2014, health posts had better average overall technical and pure technical efficiency estimates of 58 percent and 79.6 percent, respectively. This indicates that if they were operating at optimal scale size, they would have produced at least 42 and 20.4 percent more outputs with the same levels of health inputs under CRS and VRS assumptions, respectively. In 2013, on average, health posts had an overall technical and pure technical efficiency score of 55.6 and 78.6 percent, respectively. Similarly, in 2014 the overall technical and pure technical efficiency estimates of sample health posts range from 27.3 to 100 percent, and 51.1 to 100 percent, under constant and variable returns scale assumptions, respectively. This result implies that, given the existing production technology, they could potentially increase their outputs provision by at least 72.7 to 48.9 percent with the current levels of health inputs. To put it differently, they have the scope for producing 3.66 to 1.96 times (i.e.1/0.273 to 1/0.511) as much outputs from the same levels of health inputs being consumed under CRS and VRS assumptions, respectively (see Table 1 ). In 2014, only 2.84 and 5.67 of the sample health posts were technically efficient under CRS and VRS assumptions, respectively (see Table 2 ). This indicates that there is significant potential for improving their technical efficiency. The technically inefficient health posts had a technical efficiency of 56.8 and 78.9 percent, with the average technical efficiency being 58 and 79.6 percent under CRS and VRS assumptions, respectively. In 2013 and 2014, the technically inefficient health posts had a scale efficiency of 70.6 and 72.4 percent, with an average scale efficiency of 70.6 and 72.4 percent under CRS and VRS assumptions, respectively (see Table 1 ).
We have carried out a jackknife analysis while evaluating the relative technical efficiency of health posts. Accordingly, findings of the jackknife analysis revealed that efficiency estimates were not influenced by extreme outliers across the health posts evaluated, which built the efficiency frontier, as the correlation coefficients range from 84 to100 percent. In Table 2 , the first column indicates the regions under analysis followed by their corresponding ranks based on a percentage of availability of fully technically efficient health posts. The third and fourth columns show the percentage of fully technically efficient health posts under CRS and VRS assumptions, respectively. The last column indicates the scale efficient health posts by percent. Findings indicate that the Ethiopian regional states considerably differ in their average levels of health inputs consumptions that yield varied healthcare services outputs for their respective health posts (see Table 2 ). Accordingly, results show that out of the total proportional sample of regional health posts about 8.69 and 19.88 percent; 3.83 and 7.15 percent; 1.87 and 2.49 percent, and 0.38 and 1.5 percent of health posts in Tigrai, Oromia, Amhara, and SNNP regions were fully technically efficient under CRS and VRS assumptions, respectively. They had average technical efficiency estimates of 67.5 and 84.1 percent, 60.6 and 81.6 percent, 58.1 and 77.8 percent, and 51.5 and 75.5 percent under CRS and VRS assumptions, respectively in 2014. These figures suggest that, by adopting best practice technology, health posts in the respective regions could produce more outputs by at least 32.5 and 15.9 percent, 39.4 and 18.4 percent, 41.9 and 22.2 percent, and 48.5 and 24.5 percent under CRS and VRS assumptions, respectively, using the same levels of health inputs (Table 2 and Table 5 ).
Relatively, health posts in the Tigrai region had the highest average technically efficiency estimates, which characterized them as relatively consuming their available health inputs in the most efficient way and as a result attaining the highest relative rank (the best performing region on technical efficiency). This might be the region that had experience of community-based healthcare services provision to the rural community during the Ethiopian civil war prior to the launch of the community-based health extension program in 2004 at the national level (Ghebreyesus, et al., 1996) . Besides, this region had relatively larger technically efficient health posts, with about 8.69 and 19.88 percent of them being fully technically efficient under CRS and VRS assumptions, respectively. In contrast, health posts in the Harar region were characterized by a relatively lower mean of 48.2 and 68.1 percent technical efficiency estimates under CRS and VRS assumptions, respectively, with relatively high input wastage attributed to their optimal scale size (poorly performing region). Besides, health posts in this region were, on average, operating below the national mean technical and scale efficiency levels under both scale assumptions. The reason why health posts in the Harar region are performing poorly might be that the program was implemented or practiced in that region only more recently. At the national level, only 2.84 and 5.67 percent of the sample health posts were fully technically efficient, with average overall technical and pure technical efficiency estimates of 58 and 79.6 percent, respectively. This result indicates high potential for improving the efficiency of the health posts. Moreover, about 8.7 percent of the sample health posts were defined as scale efficient, with a mean scale efficiency level of 72.4 percent (see Table 2 ).
In Africa, it is often assumed that health facilities are not very technically efficient (Marschall & Flessa, 2009b) . In addition to the findings of the present paper, most of the previous DEA studies carried out in developing countries reported the very high proportion of technically inefficient health facilities. For example, Kirigia et al. (2011) indicated that about 67 percent of the evaluated community health posts in Sierra Leone were technically inefficient. In the same country, but in a different time period, Renner et al. (2005) reported that 59 percent of the studied periphery health units were technically inefficient with a different magnitude of estimated efficiency scores. In Kenya, the paper by Kirigia et al. (2004) examined the technical efficiency of public health centers and they found that 56 percent of health centers were technically inefficient. In Latin America, for example, in Guatemala, the study by Herna´ndez and Sebastia´n (2014) examined the technical efficiency of health posts and indicated that in 2008 and 2009, about 53 and 29 percent of health posts were technically efficient. Similarly, a study by Lemma and Sebastian (2010) evaluated the efficiency of health posts in Ethiopia at the micro-regional level, and indicated that 75 percent of them were technically inefficient; however, they indicated that there were variations in technical efficiency scores across health posts. In comparison, the present study found a relatively large percentage of technically inefficiency health posts with different magnitudes of efficiency scores.
As indicated in 
Estimates of scale efficiency
Overall, about 91.3 percent of health posts were scale inefficient while the remaining 8.7 percent of them were scale efficient, with the overall mean scale efficiency level being 72.4 percent. This estimate implies that there is a possibility of augmenting the total outputs by about 27.6 percent using the existing scale size (capacity) of the health posts if they operated on an efficiency frontier (see Table  3 ). The mean scale efficiency estimates indicate that relatively many scale efficient health posts (18.63) were found in Tigrai region. This region consistently had more of the efficient health posts and took the lead with a mean scale efficiency level of 79.7 percent, followed by Oromia and Amhara regions, which had about 10 and 7.48 percent scale efficient health posts, with mean scale efficiency levels of 73.7 and 74.4 percent, respectively. These figures imply that, on average, scale inefficient health posts in the Tigrai, Oromia and Amhara regions have the scope to increase their outputs provision by about 20.3 percent, 26.3 percent, and 25.6 percent by downsizing their scale size, respectively. Though the average scale efficiency level was about 70.6 percent, a high proportion of scale inefficient health posts were found in Harar region (100 percent) followed by Benshangul-Gumuz (97.68 percent) and SNNP (94.74) regions (see Table 2 ).
The regional health posts significantly differ in their returns to scale. Overall, though most of the health posts in the sample were operating at DRS (supraoptimal scale), which is the major form of scale inefficiency in this particular study, there was a significant difference across regional health posts in their returns to scale. The majority, 91.24 percent of health posts under analysis, were operating at DRS, implying that they could potentially increase their current technical efficiency levels by the downsizing of their scale size to strive for the most productive scale size. Moreover, about 8.31 percent of health posts were operating at CRS (optimal scale). However, very few health posts were operating at IRS (sub-optimal scale size), suggesting that they could increase their technical efficiencies by augmenting their scale size (see Table 3 ).
Most of the previous DEA studies carried out in developing countries reported a very small proportion of scale efficient health facilities. In this paper, overall only 8.7 percent of the health posts were scale efficient, with a very high percentage, 91.3 percent of health posts being scale inefficient with different proportions of scale efficient health posts across regions (see Table 2 ). In Sierra Leone, 36 percent of health posts were scale inefficient (Kirigia et al., 2011) ; in Guatemala, about 44 and 65 percent of health posts were also found to be scale inefficient in 2008 and 2009, respectively (Herna´ndez & Sebastia´n, 2014) ; in Gambia, 90 percent of health centers were scale inefficient (JarJuEa et al., 2015) ; and in Sierra Leone, 65 percent of the health units were scale inefficient (Renner et al., 2005) . However, in the present paper, there was a high percentage of scale inefficient health posts (91.3 percent), this being more than those of the above-mentioned countries' health facilities.
Improving universal healthcare services coverage
The inefficient health posts could potentially improve their relative technical efficiency estimates by either reducing their present levels of health inputs while producing the same level of outputs or vice versa or reducing inputs and at the same time increasing outputs. Accordingly, the average number of HEWs needs to be reduced by the inefficient health posts in the SNNP region (1.72 percent), followed by Benshangul-Gumuz region (2.48 percent) at very minimum level. Whereas the average number of HDAs needs to be reduced by inefficient health posts in the Amhara region (10.86 percent), followed by Tigrai region (12.32 percent) to make them efficient at very minimum levels. Thus, they could become efficient by reducing their low levels of health inputs that were being wasted.
Consider for example the technically inefficient health posts in the Tigrai region, where they could, on average, possibly reduce the number of HEWs and HDAs employed by 6.5 and 12.32 percent, respectively. The proportional reductions in health inputs alone would not make them technically efficient unless accompanied by simultaneously augmenting their current levels of outputs production. Thus, concurrently, they have to potentially produce more outputs: the number of HEP beneficiary graduates, households visited by HEWs, health education sessions provided by HEWs, child delivery by HEWs, child delivery by HDAs, and under-five children fully immunized by 40.03; 31.68; 28.83; 63.10; 52.82 and 35.01 percent, respectively, to propel them to a more productive scale size point. Similar explanations could be extended for other inefficient health posts in the remaining other regions under analysis.
In 2014, national level efficiency analysis indicated that, on average, health posts would need to reduce both the number of HEWs and HDAs employed by 4 and 20.44 percent, respectively, compared to 2013, implying that they appear to be major sources inefficiencies. Concurrently, they could possibly augment their current levels of outputs, including the number of HEP beneficiary graduates, households visited by the HEWs, health education sessions provided by HEWs, child delivery by HEWs, child delivery by HDAs, and under-five children fully immunized by 43.81; 54.77; 34.04; 48.09; 32.22; and 29 .17 percent, respectively. The number of households visited by HEWs (54.77 percent) followed by many children delivered by HEWs (48.09 percent) were observed to be major sources of inefficiencies.
There is a significant variation across regional health posts in the quantity of health inputs that need to be reduced and outputs that need to be augmented. Therefore, the present findings indicated that more basic healthcare services could be provided both at regional and national levels by improving the efficiency of the inefficient health posts, and as a result, universal health coverage could significantly be improved (see Table 4 ). Source: Authors' own computation. Note: TE represents technical efficiency under VRS assumption; O1, O2, O3, O4, O5, and O6 represent the number of HEP beneficiary graduates, households visited by HWEs, health education sessions provided by HEWs, child delivery by HEWs, child delivery by HDAs, and underfive children fully immunized, respectively (potential improvement for output gains); I1 and I2 denote the number of HEWs and HDAs that need to be reduced (health input savings).
Productivity (Malmquist) Analysis
Productivity (efficiency changes) for the Ethiopian health posts was analyzed during the years 2013-2014 using the DEA-based Malmquist productivity index. In a given time period (2014), the efficiency of these health posts was compared with the (i) efficiency of other health posts in the system in the same time period, and (ii) their own efficiency estimates in the previous time period (2013). Total factor productivity of the health posts can be driven by either change in efficiency ("catchup effect") or technological improvement ("Frontier shift"). Similarly, the change in total factor productivity can be decomposed into technological and technical efficiency changes, and technical efficiency change can further be decomposed into pure technical efficiency and scale efficiency changes. Table 5 shows findings of productivity change for the health posts during the time periods 2013-2014.
Efficiency change
The average efficiency change (column 1 of Table 5 ) of health posts comprises pure and scale efficiency changes. The average ratio less than unity (0.868) indicates that, on average, technical efficiency of the health posts decreased by 13.2 percent, which accounts for the overall decline in the total factor productivity during the study period. According to Table 5 , about 18.82 percent of sample health posts experienced technological progress, with a technical efficiency level of greater than unity. Whereas, very few of the health posts (7.02 percent) experienced technological stagnation, with technical efficiency levels equal to unity. This finding means that the production scale of these health posts did not contribute to the overall productivity change. Whereas, about 74.16 percent of them had a technical efficiency index score of less than unity, suggesting that their scale of production contributed negatively to the overall productivity change of these health posts. Our analysis further indicates that regional sample health posts had an efficiency change score of less than unity while their pure technical efficiency changes remained unchanged over the course of two years. Sources: Own computation. Note: Malmquist index score >, = and < 1 indicate improvement, no change (stagnation), and reduction in productivity, respectively.
Scale efficiency change
As column 4 of Table 5 indicates, sample health posts experienced an average reduction of the scale efficiency change index of 0.868 during the study period. This implies that, on average, the scale of production of health posts has declined slightly. Efficiency change of 13.2 percent has contributed negatively to the overall productivity growth. More importantly, findings indicate that none of the regional proportional sample health posts and overall national health posts under scrutiny attained a scale efficiency change score of greater than unity. As illustrated in Table  5 , about 74.16 percent of health posts had an estimated scale efficiency index of less than unity; this signifies that they have contributed negatively to the overall productivity change. Likewise, about 18.82 percent of them had a scale efficiency index of greater than unity, implying that the scale production of these health posts has contributed positively to their productivity change while a very small number of health posts (7.02 percent) have experienced technical stagnation, with the technical efficiency level equal to unity. This indicates that the scale of production of these health posts did not contribute to the overall productivity change of the total number of health posts.
Technological and total factor productivity changes
The average technological efficiency change (column 2) for the sample health posts was greater than unity (1.229), implying that 22.9 percent average annual technological progress, which accounts for the overall increase in the total factor productivity of the sample health posts during the study period. During the study period, about 83.76 (16.04) percent of sample health posts reported an increase (decrease) in technological change, with an index of greater (less) than unity. Furthermore, the Malmquist findings indicate that regional health posts have experienced a total factor productivity improvement (column 5) with an index of greater than unity during the panel. For example, health posts in the Gambella region have achieved their productivity growth with an estimated average annual productivity growth rate of 38.6 percent, while health posts in the Oromia region recorded the lowest result with productivity growth of 4.5 percent. Findings further reveal that there was an alarmingly high degree of variation in the size of indices of productivity changes for sample health posts across the regions examined. As column 5 of Table 5 shows, the sample health posts experienced productivity improvement (progress) with an average index of 6.7 percent, mainly due to technical progress (22.9 percent). About 60.12 (39.69) percent of health posts had a total factor productivity index of greater (less) than unity during the study periods.
In comparison with other previous studies, the overall productivity growth of the present study (6.7 percent) was a bit higher than in other studies. For example, in Guatemala, the productivity of health posts was 4 percent (Herna´ndez & Sebastia´n, 2014) , and in Seychelles, the overall productivity of health centers was 2.4 percent.
Sources of inter-health posts technical inefficiency
The wide-ranging variation in technical efficiency estimates across health posts might be important to rationalize the need for examining the causes of inter-health post technical efficiency estimates variation while a high degree of consistency in technical efficiency levels among health posts would have made this study less appropriate. Accordingly, our regression findings (Table 6 ) indicate that in most regional health posts, there was a strong positive association and the statistically significant difference between health posts' technical inefficiency and the average distance from health posts to rural households' residence. Health posts where health extension worker provide basic healthcare services as part of the health extension program should be closer to rural households' residence, and so increase the efficiency levels of the inefficient health posts. Reducing the average distance between health posts' and rural households' residences improves the technical efficiency of health posts through effective use of health inputs, keeping other factors constant. Health extension workers could provide more basic healthcare services to large rural households by saving on long travelling distances to reach rural households. Statistically, there was a significant difference between the average distance from health posts to rural households' residences and health posts' technical inefficiency at 10 percent level of significance. This finding was in support of the studies by Bhattacharji et al. (1986) and Marschall and Flessa (2009a) , which identified that longer distances to health facilities (i.e. health posts) affect positively technical inefficiency of health facilities.
Less frequent supportive supervisory visits made to HEWs was associated with the technical inefficiency of health posts, holding constant for a multitude of other determinants. Statistically, there was a significant difference between supportive supervisions provided for HEWs, and heath posts' technical inefficiency at 10 percent level of significance. Previous studies have indicated a negative relationship between continued supportive supervision provision and technical inefficiency of health facilities (Christopher et al., 2011; Condo et al., 2014; Sharma et al. (2014) . Likewise, compared to a Christian HEW, being a Muslim HEW has a positive effect on health posts' technical inefficiency. That means technical inefficiency of health posts tends to increase with a Muslim HEW. The Muslim religion might not allow them to dare to provide family planning services, which might hinder performing health extension program packages efficiently. Statistically, there was a significant difference for Muslim health extension workers and health posts' technical inefficiency at 10 percent level of significance. This finding was consistent with the previous study by Christopher et al. (2011) , indicating that CHWs' religion could affect the technical efficiency of health facilities. Furthermore, a region of HEWs as a dummy variable had a positive effect on technical inefficiency and was found statistically significant at 1 percent level of significance for health posts belonging to the remaining regions in reference to Tigrai region. Statistically, there were significant differences in health posts' technical inefficiency between health posts located in different regions of Ethiopia. This signifies that HEWs' region of residence significantly affects variations in technical inefficiency across health posts. Relatively, health extension workers operating in health posts in the Tigrai region affected negatively health posts' technical inefficiency (performing relatively better) compared to HEWs operating in health posts in the other regions (performing relative poorly). This implies that Tigrai regional health posts had relatively better technical efficiency estimates compared to other regional health posts under analysis. These findings are consistent with findings from studies by Bhattacharji et al. (1986); Christopher et al. (2011); and Sharma et al. (2014) , who indicated that community health workers' region of residence could affect the technical inefficiency of health facilities.
Conclusion
The Ethiopian government gives high priority to the provision of basic healthcare services to the large rural population in the country through its health extension program across its administrative regions. Hence, evaluation of the efficiency of health posts (rural health organization) where the Ethiopian health extension program is functioning in order to provide basic healthcare services to its rural population, is important for redesigning or reformulating appropriate policies, strategies, and programs to ensure universal healthcare coverage and achieve health-related national goals.
This paper aims to evaluate the relative technical efficiency and productivity of the Ethiopian rural health extension program, with an emphasis on rural health posts. The findings of the paper firmly indicate that there is a substantial variation in estimated technical and scale efficiencies across the health posts evaluated across and within regions. This variation suggests that there is significant potential for improving the efficiency of the Ethiopian health extension program through improving the efficiency of the technically inefficient health posts. Most of the sample health posts (91.24%) exhibited decreasing returns to scale (DRS) as a major form of scale inefficiency. Hence, to make the technically inefficient health posts efficient, they would need to reduce consumed health inputs and, at the same time, they could augment all their current levels of healthcare services output provision. Furthermore, most of the health posts reported efficiency regress and as a result, their overall productivity increased by only 6.7 percent due to an improvement in technological progress during the study period. More importantly, the average distance from health posts to rural households, the health extensions workers' region of residence, and provision of supportive supervision to health extension workers were the most important determinants of inter-health posts variation in technical inefficiency.
Besides the valuable contribution of this study to the limited community-based health worker programs efficiency measurement literature, its application to the Ethiopian health sector has potential policy implications. We, therefore, recommend that the Ethiopian health posts need to augment their scale size and improve their managerial practices to enhance their overall efficiencies and productivities. This could be realized and the Ethiopian health extension program should embark on periodic research and development, and enhance basic healthcare services provision and use of health inputs (resources) in an efficient way, which would lead health posts to improve significantly their efficiency and ensure universal health coverage across all regions of the country.
However, this study is not free from limitations. From the DEA approach perspective, first, the DEA technique does not consider the error term in its functional model and, thus, it considers all deviations from the efficiency frontier to be due to inefficiency (i.e. it could also not isolate technical efficiency from random noise). Second, in the DEA model, biased efficiency estimates can be obtained due to inclusion or exclusion of certain health input and output variables. Third, estimates of DEA are extremely sensitive to outliers and measurement error, and biased efficiency estimates can be obtained due to inclusion or exclusion of certain health input and output variables in the DEA analysis. Fourth, and more importantly, in our analysis we consider that the Ethiopian regional health posts are identical, which might not be useable since working schedules, quality of delivery in healthcare services, healthcare technology, and the degree of severity of cases treated, among others, could significantly differ across regional health posts across the country. Five, we also failed to compare how efficient the program is compared with other Sub-Saharan African countries that have similar programs. Lastly, due to lack of input of prices information, estimates of the allocative and economic efficiency of the health posts were not performed. Therefore, further research work is essential to update the findings of this study on a large-scale, including Sub-Saharan African countries, to examine the evolution of the efficiency of community-based health workers program and make comparative studies.
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